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1.0 INTRODUCTION

Training of Navy flight personnel is vital to successful mission accomplishment.
This is aptly illustrated by analyzing U.S. fighter performance in actual combat
with their Soviet counterparts over the last 30 years. The results of such an
analysis (Ref. 1) shows that classical hardware performance superiority is one of
the least frequent contributors to victory in the air. The lessons of history show
instead that all of the winners and none of the losers had a pilot force of
outstanding flying skill. Clearly a key to development and maintenance of a high
level of pilot skill is frequent and realistic training. Flight simulation has proven
to be effective and efficient in training Naval Aviators. An example of a modern
flight simulator is the Weapons Tactics Trainer for the Navy F/A-18 Hornet strike
fighter aircraft. This trainer projects computer generated images onto the inner
surface of two 12 meter diameter domes, each of which surrounds a simulated
Hornet aircraft cockpit. Hughes Aircraft developed and constructed this simulator
under a Navy contract for $18.7 million. In September 1981, Hughes was awarded a
$56 million Navy contract for two additional weapons trainers.

Although wide field view simulators play an important role in pilot training, they
have some major drawbacks. Clearly, they are very expensive and only a relatively
few can be built and maintained. Furthermore, due to their expense and the need
to train as many student pilots as possible, experienced pilots have limited
opportunity to practice in these trainers. It is obvious that pilots deployed on
carriers or other duty stations cannot utilize such realistic and complex flight
simulators to maintain their flight proficiency because of logistical and mission
support factors.

In order to provide the experienced Naval aviator with a relatively inexpensive and
effective flight simulator, regardless of his location, the potential of using
computers and displays found on board modern aircraft should be considered. The
cost effectiveness of Computer Based Training Systems (CBTS) which are gradually
being introduced into military and civilian training courses also suggests that CBTS
methodologies may further the usefulness of such embedded training devices. This
study acdresses the feasibility of a Static Aircraft Flight Environment Simulator
(SAFES) with CBTS capabilities. Such a static flight simulator should prove to be
a useful extention of larger more complex ground-based wide field-of-view
simulators and would corr nent in-flight embedded training simulators. Certainly,
one of the most import- .spects of training is to allow mistakes to be made
without jeopardizing the )t, his crew, or the aircraft. The only safe place to
make these mistakes is ,v the aircraft is on the ground, not in the air.

1. Dr. Andrew C. Cruce of the Naval Air Test Center appears to be one of the
first individuals to recognize this potential, particularly in the F/A-18 (Ref. 2).

10
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This study addresses the feasibility of providing flight simulation and training in a
parked aircraft. Such a concept would embody low cost per training hour, realism,
zero risk of flight assets, and negligible impact on airframe and mechanical system
life. SAFES would provide the opportunity for training and maintenance of critical
flying skills during extended personnel and flight asset deployment periods. With -
CBTS capability, instructor participation would not be necessary further reducing .
the cost of such training.

This study addresses the major issues associated with the SAFES concept. Training
criteria candidates for incorporation into the SAFES system are developed in
Section 2.0. The feasibility of utilizing the F/A-I8 Hornet aircraft as a test bed
for SAFES is presented in Section 3.0. Section 4.0 discusses a number of candidate - ..
SAFES implementation schemes and identifies an approach compatible with the
current F/A-18 computer capabilities and architecture. An approach for the
development of SAFES CBTS "scripts" is outlined in Section 5.0 based on two
critical training tasks. Lastly, key SAFES feasibility issues that require
experimental demonstration are the subject of Section 6.0.

-A
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2.0 TRAINING CRITERIA DEFINITION

The selection of tasks for SAFES training consi-feration should be based on the '1-
-: needs of Fleet F/A-IS pilots. This problem has been addressed by Coblitz (Ref. 3)

specifically in the context of Onboard Computer Image Generation (OBCIG) for
inf light training simulation. lie suggests that training needs be prioritized by the
criticality of the skill and the frequency of practice required to acquire and
maintain the skill. Furthermore, since training of deployed forces is a major goal

* of any onboard CIG system, he recommends that emphasis be placed on tasks which
have orip cf the following characteristics:

I. Frequent practice is required to maintain skill levels

2. The skill is a combat related skill not fully addressed in initial training

3. The skill continues to improve with prolonged training.

Colbitz identifies the most suitable applications and the least suitable applications
of GIG based on interviews of experienced pilots and other experts. Consequently,
the tasks he identifies as most suitable should be considered for SAFES, with
consideration of the differences between static and inf light simulation.

2.1 Candidate SAFES Applications

Colbitz examined candidate OBCIG training in two categories (1) air-to-air combat
tasks and (2) air-to-surface weapon delivery tasks. These tasks for fixed wing
aircraft are summarized in Table 2-1.

Table 2-1 Candidate OBCIG Training Tasks
For Fixed Wing Aircraft

AIR-TO-AIR COMBAT TASKS

Combat Maneuvering
Air Intercept
Formation Flight
Air Refueling
Airborne Threat Avoidance

AIR-TO-SURFACE WEAPON DELIVERY TASKS

Visual Navigation
Visual Reconnaissance
Target Acquisition
Weapon Delivery
Take-off and Landing (Carrier)
Take-off and Landing (Fixed Base)-
Low Level Flight-
Low Level Navigation

12
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Also considered for potential training are specific sensor related tasks such as
those shown in Table 2-2.

Table 2-2 Candidate Sensor Related Tasks

Radar/Landmass - practice of general radar interpretation
skills and/or premission familiarization of
exact area to be overflown

Forward Looking Infrared (FLIR) -image interpretation and
target recognition

TV Guided and TV Data Link Weapons - guidance control
practice

Electronic Countermeasures - threat recognition and evasive
action practice

Emergency Procedures - frequent practice is required to maintain
proficiency

Cockpit Switchology - practice with computerized cockpit
functions and capabilities

The last two items have been added to the list of sensor related tasks presented
by Coblitz. These tasks are included in this study since it is recognized that
SAFES is more than a flight simulator and has many elements of a Computer Based
Training System (CBTS). Hence, SAFES can prepare the pilot for critical
emergency situations and also help him to maintain his proficiency in manipulating
the computer controlled systems and information available to him in the aircraft -

computer database.

2.2 Most Suitable Applications

Identification of the most suitable training applications for SAFES from those
presented in the previous paragraphs must consider additional factors in addition to
task criticality and frequency of practice required. Clearly, tasks which require
high g forces or stressing aerodynamic performance cannot be simulated in a
parked aircraft. In addition, limitations imposed by available aircraft displays,
computer resources available, and computer/display interface problems must be
considered. However, unlike in-flight OBCIG, SAFES is not constrained by the lack
of an approved helmet mounted display in the aircraft for wide field of view
simulation since flight safety is not a factor for a parked aircraft. The following
sections describe those critical training tasks that are felt to be appropriate goals
for SAFES implementation. The technical feasibility of actually achieving these

• .goals within the context of the F/A-LS display and computer architecture is
discussed later in this report.

2.2.1 Air Intercept

13
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Air intercept operations are generally performed at long range using targets
represented symbolically based on radar data. Since the display information is

*1 synbolic (i.e., created by vector graphic commands) it can be created by SAFES
and displayed on the appropriate FIA-IS cockpit display for training purposes. This
appears to be an excellent application for SAFES implementation.

- 2.2.2 Airborne Threat Avoidance

This is a critical combat task for which present training opportunities are limited.
In normal operation, most of the visual threat information is displayed symbolically
on the aircraft displays. The only exception is the outside-of-the- cockpit view of
missile launches. However, Coblitz indicates that even without this
out-of-the-cockpit view, the bulk of the necessary simulation can be presented on
the in-cockpit displays. This application is ranked as an excellent OBCIG
application and is clearly suitable for SAFES.

2.2.3 Target Acquisition

Another difficult and highly critical skill for which frequent practice can be
helpful is sensor based target acquisition. In the case of SAFES, either radar or
Forward Looking Infrared scenes would have to be presented realistically on the
appropriate cockpit displays to achieve this goal. A helmet mounted display would
be useful for target acquisition outside the cockpit although the extremely wide
field of view required may be difficult to achieve with today's technology.
Consequently, a reasonable SAFES goal is the creation of realistic sensor data
superimposed with computed aided graphic symbology and alphanumeric data on

*cockpit displays.

* 2.2.4 Take-Off and Landing (Carrier)

Carrier landings are a difficult and dangerous task that requires continual
practice. Surprisingly enough, the simulation of carrier landings is an area where
the SAFES approach is clearly superior to in-flight OBCIG training, particularly
night carrier landings. This stems from the fact that in-flight simulation of carrier
landings would have to take place at altitudes where the air density and winds are
similar to those at the surface of the ocean. This limits the maneuver to about
5,000 feet or less. This is not adequate altitude to recover from an inadvertent

. stall. Carrier landings in a parked aircraft, with the carrier image displayed
calligraphical'y on a He.-ds Up Display (HUD), do not present this hazard since
atmospheric conditions, sensor data, and aircraft response are simulated in a
computer. Hence carrier landing training is ideal for SAFES.

- Since a pilot who is trained successfully in landing at night will probably be
successful during the day, daytime carrier landing training is considered to be less
cost-effective than night training. Thus, night carrier landings are an excellent
candidate for SAFES training.

2.2.5 Low Level Flight and Low Level Navigation

. Low level flight training and navigation is applicable for SAFES training in . -

"- scenarios where missions take place at night or in bad weather conditions. In such

14
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situations, the pilot relies completely upon cockpit displays. This is a skill of high
criticality, requiring frequent practice to attain and maintain. The combined use of
navigation data and sensor displays (e.g., radar terrain images) would be required

"" for SAFES presentation.

2.2.6 Forward Looking Infrared (FLIR)

FLIR images are a good candidate for SAFES training since FLIR images of the
same scene vary considerably with time-of-day and weather condition. During
actual missions, many real FLIR images are available. Unfortunately, these images
do not span the range of conditions, targets, and backgrounds necessary for
systematic training of FLIR image interpretation and target recognition. Thus,
SAFES training of these images is warranted.

2.2.7 TV Guided and TV Data Link Weapons

Images associated with TV Data Link guided weapons are in the visual spectrum
and hence are less unusual for the pilot to interpret than radar or FLIR images.
Target identification is also not as important in this case as well since the target
has been identified by other means prior to the launch of the TV Data Link guided
weapon. What is important is the practice of guidance control techniques for
weapons that require pilot input. For TV weapons which do not require pilot
guidance (e.g., the Maverick missile) after launch, training is required to correctly
portray the lock-on and break-lock characteristics of the system. The frequency of
practice required to master and maintain these skills is moderate, but present
opportunities to obtain this practice are in some cases almost non existant.
Consequently, SAFES is a likely source to provide this training experience.

2.2.8 Electronic Countermeasures and Electronic Warfar,-

Electronic Countermeasures and Electronic Warfare are good candidates for SAFES
training since they are critical tasks not frequently practiced except at special
training ranges such as NAS Fallon where the Tactical Aircrew Combat Training
System (TACTS) is being integrated with the Aircrew Electronic Warfare Training
Range (AETR). Display of threat symbology on the cockpit displays would aid the
pilot in determining proper responses to types of threats in many different
situations.

2.2.9 Emergency Procedures

The number of NATOP emergency procedures that must be committed to memory
by the F/A-IS pilot are quite extensive. For example, even a relatively brief
F/A-is simulator exercise can include such things as engine fire on start, engine
stall on takeoff, auxiliary power unit failure, generator failure, loss of Flight
Control Computers and systems in various combinations, engine fire in flight, single
engine failure, INS failure, etc. It would seen likely that review of these
procedures presented on the aircraft cockpit displays would be more effective than
review of the NATOP document from time to time. --

2.2.10 Cockpit Switchology

15
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rhe F/A-IS cockpit and weapon systems were specially designed for one pilot
operation. Because of this, nearly all important systems are controlled by switches
on the Hands On Throttle and Stick (HOTAS). This includes selection of menus on
the cockpit displays and selection of items. In many ways the F/A-18 computer
display system resembles a large data base about the aircraft status. For example,
emergency procedures and the status of the digital flight control system can be
called up by the pilot. As with any data base system, constant exercise of the
query skills is necessary if the data base is to be used efficiently. In the F/A-IS
cockpit this is much more important since the pilot's life and mission may depend
on the rapid use of stored information. SAFES would be an excellent way for the
pilot to maintain and exercise these skills

The importance of this function will increase significantly in tomorrow's aircraft.
Tomorrow's pilot could find himself faced with too much information unless
information is integrated into common displays. Continued practice and intimate
familiarity with this information will be an absolute necessity. SAFES will be an
excellent means for achieving the facility necessary to survive in this
environment.

2.3 Candidate Training Scenario Ranking

Given the need to provide critical training to deployed pilots, the previously
discussed tasks have been ranked in order of relative importance. This ranking is
shown im Table 2-3. - -

Table 2-3 Candidate Training Scenario Ranking

1. Night Carrier Landing

2. Air-to-Air Threat Avoidance

3. Electronic Countermeasures and Electronic Warfare Sensor
Environment

4. Air-to-Ground Target Acquisition

5. Air-to-Ground Weapons Delivery

6. Sensor Basedl Low Level Flight

7. Sensor Bascd Low Level Navigation

8. Infrared Sensor Environment

9. TV Link Sensor Environment

10. Emergency Procedures

11. Aircraft Cockpit Switchology

16
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These training tasks should serve to guide the development of the operational
SAFES. In addition, and prior to the development of an operational SAFES, a
number of these scenarios should be selected and the SAFES concept demonstrated
before entering a major development phase.

17
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3.0 F/A-18 SAFES TECHNICAL FEASIBILITY

The F/A-IS Hornet represents a considerable step forward in the application of
integrated controls and computer controlled displays to the reduction of pilot
workload and enhancement of mission success. The F/A-IS cockpit features four ... '_

multipurpose cathode-ray displays driven by two mission computers, an integrated
up-front control, and numerous control functions on the Hands On Throttle and
Stick (HOTAS) controls. It has been estimated that nearly 90% of the pilot's
activities are carried out based on the information displayed on the multipurpose
cathode-ray displays. These multipurpose displays , in conjunction with the Head Up
Display (HUD), provide the pilot with all essential flight information for air-to-air,
air-to-surface, and navigation phases of the mission (Ref. 4). The displays include
two Multipurpose Display Indicators (MDI's), a Horizontal Situation Display (HSD) or
Multipurpose Display Repeater Indicator (MDRI), and a Head-Up Display (HUD).
Figure 3-1 shows these displays laid out in the F/A-IS crew station along with the
Hands On Throttle and Stick (HOTAS) and other instrumentation. A typical MDI
display with calligraphic information (pitch ladder) and digital radar (air-to-air)
information superimposed is shown in Figure 3-2.

Master Monitor UPFRONT Multifunction
Multipurpose Display CONTROL (UFC) Multipurpose
Indicator (MDI) HEAD-UP ,"Display~~~Indicator (MDI) i",[DISPLAY (HUD) In i a or-D

.10

HORIZONTALSITUATION .[ -
DISPLAY (HSD)"- "

t ,ands On Throttle and
, Stick Controls

(HOTAS)

SACK UPT1
UHF/ILS -.

Figure 3-1 F/A-IS Cockpit Display Layout and HOTAS
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Figure 3-2 Typical MDI Display Presentation

19



N'ZAVTRASYSCEN 84-C-0069

Because of the sophistication of the F/A-IS crew stdtion it appears possible for it
to also serve as a training simulator for maintenance of pilot proficiency when the
pilot is on duty station and far removed from access to conventional flight
simulators or conventional flight training programs. The key technical issues
associated with using the F/A-I8 as a training platform are (I) presenting training. -

simulation information to the multipurpose displays, (2) sensing the pilot's flight
control commands (throttle, pitch, roll, and rudder), (3) sensing other pilot control
inputs (particularly, the control commands located on the Hands On Throttle and
Stick (HOTAS) controller), and (4) ensuring other aircraft functions not required
for training are disabled (e.g., gear retraction, radar, armament, etc.). SAFES
training will take place in the F/A-18 while it is parked on the ground or deck of
a ship and not in flight. A very important groundrule for the training system
besides being an effective trainer, is that it not adversely affect the operational
readiness of the aircraft or pilot because of its use.

From a technical viewpoint, the parked aircraft with embedded training capability
is attractive since the on-board computers can be augmented by more powerful
externally located computers coupled into the F/A-IS crew station via a readily
accessible 1553A data bus connector mounted in the nose wheel compartment. This
unique feature permits the aircraft to be quickly disconnected from the training
computer(s) and immediately returned to flight status. In addition, video
information can be sent to the cockpit display via the FLIR connection and
connectors mounted in the wing weapon pods normally used for TV guided weapons.

3.1 F/A-IS Cockpit Display Capability Overview

The architecture of the F/A-IS cockpit display system consists of two AYK-14
computers which provide control and display signals to the cockpit displays. These
computers are tied to the various displays through a MIL-STD-1553-N dual serial
data bus. The cockpit display data flow is illustrated in Fig. 3-3. Each MDI
exchanges information with either of two aircraft computers, designated as Mission
Computer I (MC I) or MC 2, and receives information from the radar, the Stores
Management Set (SMS) and HOTAS control signals (referred to as "throttle" in the
figure).

NI.ALOG ANO DIGITAL ANALOG ANO 0lAJ .

ANALOAND AAOA "
WI I

A0DIGITAL

THROT'rLIE ~AR I

Figure 3-3 F/A-I8 Display Information Communication Block Diagram
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3.1.1 Radar information

Radar information in the form of composite video and digital vector graphic
information is sent directly to the MDI's. The radar composite video information is
used to generate raster type displays of air-to-ground information (useful for
bombing missions and navigation fixes). The radar serial digital information
contains air-to-air information and is displayed in vector (i.e., stroke) format on
the MDI's. MDI symbology that can be displayed under radar command in the vector
mode is shown in Appendix B.

3.1.2 Stores Management Set (SMS) Information

The Stores Management Set (SMS) furnishes composite video information derived
from any of the TV weapons or sensors carried aboard the F/A-IS. These include
the Forward Looking Infrared (FLIR), the Walleye or Maverick, and additional
weapons which may be added.

3.1.3 HOTAS Throttle Mounted Information

Throttle mounted force controllers and switches activated by the pilot's fingers
are used to position target designators on the displays and to control radar
parameters. These switches allow the pilot to control weapons, sensors, and
displays during timne critical portions of the attack while maintaining full control
of the aircraft. The three primary HOTAS switches are the Weapon Selector and
Auto Lock-on selector on the stick, and the Target Designator on the throttle. The
Target Designator Control (TDC) on the throttle is a force controlled switch which
moves the appropriate designator symbol on the displays in any desired direction.

3.1.4 Display Mode Selection

Each of the multifunction displays have 20 pushbutton switches around their
periphery. The display is formatted such that when sensor data is cdlled up, a
quarter inch strip of the perimeter of display is available for display of the
primary controls for that sensor.

3.1.5 Flight Control Signals

In addition to the above information, aircraft control information including stick,
rudder, and throttle positions will be required by SAFES for simulation of aircraft
response to pilot inputs based on displayed information.

3.1.6 Other Information

Other information such as avionic device status and feedback, control data, etc.
are needed for flight simulation maintenance.

3.2 SAFES Display and Pilot Input Sampling Requirements

In order for SAFES to function as an efficient training simulator it must 5e able to
receive the control signals mentioned above and provide the appropriately
formatted information to the displays. Table 3-1 summarizes these requirements.
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Table 3-1 SAFES Display Signal Format Require-nents

Output Display Source Description

Composite Video Radar Air-to-Ground

SMS TV Weapons, FLIR

Digital Video Radar Air-to-Air
(Vector Graphics)

Alphanumeric Video MCI and MC2 Monitor Functions

(Character Display)

Input Data Format Source Description

Analog HOTAS Cursor Control
Position

Digital Serial Radar Air-to-Air

Analog HOTAS Target Designator
Control, Weapon
Selector, Auto
Lock-on Selector

Stick and Rudder Flight Control
Signals

Throttles Engine Thrust
Signals

Other Flight Device Status,
Data Control Data,

etc.

1553 Serial Digital MCI/MC2 Mission Computer
Communication
Information

It should be noted that composite video information is not displayed on the HUD.

3.2.1 S3,FES Generation of Alphanumeric and Vector G, hic Display Signals

Generation of simulated alphanumeric and vector graphic display information for
the F/\-18 displays has been demonstrated at the Naval Air Test Center (Ref. 5, .'-

6, and 7). However, this demonstration has been limited to only display information
normally sent to the MDI's from the MC's via the M1UX bus which excludes both
digital radar information display and composite video images. In this section, it is .

shown how the digital radar information can be simulated by commands available to
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the MC's for transmission over the 1553 A MUX bus. The following section (3.2.2)
discusses injection of simulated composite video imagery into the F/A-IS MDI's.

NATC has two F/A-IS cockpit simulators used to validate software modifications
and determine weapon system performance. The software validation simulator does ".
not use actual F/A-IS display hardware. Instead, alphanumeric and vector graphic
information are displayed on commercially available CRT's with software drivers
simulating the flight displays. Of more importance to SAFES, is the weapons
performance simulation work at NATC, using an actual F/A-is aircraft. The
aircraft had been used for fatigue tests and was not flight worthy. The aircraft
had an SMS, two Mission AYK-14 computers, Communications System Controller
(CSC), and controls and displays (Ref. 8). The aircraft lacked flight computers so
their functions were simulated with laboratory (VAX 11/780 and PDP 11)
computers. The laboratory computers were connected to the 1553A buses on board
the aircraft through a connector in the nose wheel area. Engineers then flew the
aircraft through various weapon delivery profiles based on computer generated
data presented on the aircraft displays. HOTAS flight control signals were

L generated from potentiometers installed on the throttle and stick since the lack of
flight computers (not Mission Computers) precluded flight control signals from
being placed on the 1553 bus and sensed by the laboratory computer. This
configuraiton was used to successfully test the SMS software. The fact that the on
board displays and controls were successfully used during the tests demonstrates
the validity of using an external source for driving the cockpit displays.

The transfer of graphics information from the Mission Computers to an F/A-is
display is done over dual one megahertz 1553A multiplex buses. The bus exchanges
data in a simplex manner using a self-clocking bi-phase code with 20 microseconds
required for each word. Each word-time consists of 3 microseconds for a
synchronization waveform followed by 16 data bits and concluded with a parity bit.
Thirty-two message types are possible for each unit on the MUX bus. All display
management is accomplished over this MUX bus.

There are 19 commands used to manage information transfers and moding between
the MC's and the MDI's over the MUX bus (see 1553 A bus MDI input, tabled MUX
BUS in Figure 3-4 for the interface between these devices). Of these commands
f..)jr are used to transmit Display Processor instructions and instruction sequences
from the MC's to the MDI's. There are a maximum of 32 instruction op codes
available that can be used to cause the display processor to generate various
alphanumeric characters (see Appendix A) and special symbols (conics, pitch
ladders, etc.) via the symbol generator in the MDI. Currently 30 of these op codes
are in use (see Appendix B).

Note the input to the box tabled PERIPHERAL 1/0 in Figure 3-4 from the radar.
This information normally comes from the radar systen and is used for display of
air-to-air vector graphic information. The data supplied over the radar digital bus
is interpreted by the display processor as if it were an MC generated radar
alphanumeric instruction. This instruction can be used to generate any of the

- -. ipnanurneric characters in shown in ppendix -N, as well as the six unique symbols
used for radar display representations (e.g., B sweep, acquisition symbol, azimuth
carat, elevation carat, target symbol 1, and target symbol 2). Since any of the
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alphanumeric characters or unique symbols used for radar data display could be
duplicated with the various instructions allowed in MC generated

CENTRAL

I/0 PROCESSOR "

I
] 56 DATA BUS

COMPUTER 
U X  SG D BUS

1,0 BUS RANDOM DI AY STROKE COORDINATE 0

CONTROLLER ACCESS I MEMORY GENERATOR TRANSFORM U

MEMORY GEEAOTRNFR

S E R I A L . . I C P U J P -* H U D .
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Figue 34 MI Bloc DIrmShoig/AFntin

RADAR PEIPHERAL r . DISPLAY TE WEP
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Figure 3-g MDI Block Diagram Showing t/h Functions comutr. hi

instruction sequences, even without using the radar alphanumeric instruction, it
appears feasible to simulate (air-to-air digital) radar displays with a display
program generated by an MC and transmitted to the appropriate MD over the
MU X bus.

The THROTTfLE ANALOG inputs to the PERIPHERAL 1/0 box control cursor .-..

location for interactive graphic operation between the pilot and computer. This
information is received directly from the A- S k itdils ung te controls. This
information is placed on the 1553A bus for Mission Computer response. SAFES
would sense these commands in the same way.

Thus, based on NATC work and the richness of graphic commands available to the
MC, it appears that S \FES can be made to produce realistic alphanumeric and
vector graphic information on the F/A- cockpit displays using the 1553A bus asan input gateway for display commands and data words and also receiving pilot
display control commands from the same bus.

3.2.2 SAFES Generation of Composite Video Display Information-...-

It was shown in the previous section how alphanumeric and vector graphic -.
information can be transmitted to the cockpit displays via the 1553A MUX bus _.

with little technical risk. A greater challenge is the creation and display of
composite video images on the cockpit displays. The HUD is the only display which

does not receive composite video input for display. The source of composite video
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information is either the radar (in air-to-ground mode) or from the SMS TV weapon
systems or the FLIR.

Each display is capable of accepting composite video inputs having raster lines per
frame ranging from 511 to 875. TV weapons have 484 active lines while radar
signals have 512 active lines. FUIR imagery has 808 active lines per frame. TV
composite video signals conform to the RS170-525 line standard. The radar
composite video signal is a modified RS-343A 675 line format and the FUR signal
is a modified RS-343A 875 line format (Ref. 9).

In order for SAFES to send composite video to the cockpit displays, a suitable
location must be found in the radar and SMS systems to inject the SAFES training
composite video signals. Discussions with NWC personnel at China Lake, California
indicate that it is possible to connect an external video signal to the SMS via
weapon pod connectors normally used for TV guided weapons and possibly via a
FLUR connection. The raster video signals introduced into the SMS via these
connectors can be routed by computer control to the desired display. The external
signals can represent radar imagery in the ground mapping mode as well as FUR
and TV images. If a FUIR port is used, no degradation in image quality will occur
since all other composite sources utilize fewer lines per frame than the FLIR
signals. However, if composite video is input through a TV weapon port, FLUR
images injected into this port may suffer some degradation due to the loss in line
resolution. The extent of this degradation (808 displayed lines for the FLUR versus
484 lines for the TV weapons) on the pilot's interpretation of simulated FLUR
images should be investigat-d to determine if this will be a significant problem.
This will only be a problem if a FUR port is unavailable.

3.3 F/A-IS Mission Computer Memory Size and Timing Analysis

The F/A-IS aircraft avionics systems are controlled by two mission computers
(MC's). One mission computer (MC 1) performs navigation functions and the second
(MC 2) performs weapon delivery computations. Both computers have a capability

*to back each other up. The following paragraphs describe sizing and timing
information for the two mission computers. This information is needed to determine
the feasibility of using the MC's for embedded training software in Section 4.0 of
this report.

3.3.1 AYK-14 Memory Requirements

The Version 5 AYK-14 computers used for MC I and MC 2 in production F/A-18
aircraft to date have 256 Kbytes (128 K 16 bit words) of core memory expandable
to 512 Kbytes (256 K 16 bit words).

-Nccording to F/A-IS program office personnel at the Naval Weapon Center at
China Lake, California the Navigation computer (MC 1) Operational Flight Program
(OFP) software occupies all but 34 Kbytes (17 K 16 bit words) of the existing core
memory. The Weapon computer MC 2 has 52 Kbytes available (27 K 16 bit words).
The memnory utilization of the current AYK-14 mission computers is shown in Table
3-2.
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Table 3-2 AYK-14 Mission Computer Memory Utilization

Computer Free Memory Percent Used Percent Unused

MC I 256Kbytes 87% 13%

,MC2 256Kbytes 80% 20%

3.3.2 CPU Utilization

The utilization of the Version 5 AYK-I4 processing resources to perform the
necessary computations is driven by the need to provide a basic cycle time so that -.

graphic display data does not flicker on the cockpit displays. The F/A-IS
Operational Flight Program (OFP) software operates on a fixed major frame time
during which 1/0 and other computations must be performed. The basic frame time
is about 50 milliseconds for each mission computer. The mission computers operate
in parallel. According to NWC and NATC personnel familiar with the OFP running
on the Version 5 AYK-14, the computational cycle time has virtually no room for
additional operations. Its operation is nearly at 100% capacity in its current
configuration. Table 3-3 provides an estimate of how the OFP software modules in
MC I are allocated within the major frame time of 50 milliseconds.

Table 3-3 F/A-IS Software Frame Time Allocation Estimate

MCI SOFTWARE MODULE PERCENT TIME (MS)

I. Navigation 6 3
2. Engine Monitor 2 1
3. Data Link 9 4.5
4. Avionics BIT 2 1
5. Navigation HUD 5 2.5
6. Self-Test 2 1
7. Navigation Control and Displays 32 16
8. Inflight Monitor and Record 9 4.5
9. Non-Avionics BIT 1 0.5 .
10. Support Controls and Display 32 16
11. MC 2 Backup - -

Total 100 50

3.3.3 Near Term Improvements in AYK-14 Memory and Performance

The Version 5 AYK-14 is undergoing a planned product performance improvement
program which will result in a Version 6 AYK-14 in the near future. Version 6
*%YK-14 computers will have 512 Kbytes of core memory with an additional 512
Kbytes of EPROM. The Version 6 computors will include Dual Single Card
Processor (SCP's) which are substantially more powerful than the existing Version
5 AYK-14 single CPU. The Version 6 computer includes includes hardware
implementation of trigonometic functions and floating point arithmetiic operations.
The Version 6 will also contain additional 1553 A and B bus ports. Table 3-4
illustrates the improvement in performance obtained in the Version 6 SCP when
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floating point trigonometric functions are performed in hardware as opposed to
software fixed point (integer) operations as is currently done in the Version 5
AYK-14.

Table 3-4 AYK-14 Version 6 Single Card Processor Timing Data Improvement

FUNCTION SCP (FLOATING POINT) SOFTWARE (FIXED POINT)
Microseconds Microseconds

Sine 20.2 175
Cosine 22.7 175
Arcsine 24.5 425
Arccosine 24.5 425
Arctangent 16.9 200
Exponential 30.9-32.0 150
Natural log 19.4 200

The performance shown in Table 3-4 for the SCP is similar to that which can be
achieved with an Extended Arithmetic Unit (EAU) module available for earlier
version AYK-14 computers which have room for the EAU module. Unfortunately,
The Version 5 AYK-14 chassis as configured for the F/A-IS does not have room
for this module upgrade. Based on the information contained in Table 3-4, it is
reasonable to conclude that the AYK-14 upgrade program will allow the SAFES
software and capabilities to continually increase in scale and magnitude. The
SAFES software for the Version 5 computers will probably have to be reduced in
scale to accommodate its limitations. However, the Version 6 computer will provide
an extremely powerful host for SAFES software.

". 3.3.4 Serial Data Bus Utilization

The 1553 A serial twisted shielded pair redundant data buses in the F/A-18
transmit data at a rate of I MHz. The mission computers act as bus controllers and
thus control data flow on the buses. Personnel at NWC and NATC have indicated
that the bus transfer rate utilization is about 50% for the current OFP software.
This indicates that there is adequate MUX bandwidth available for SAFES
communication and message transmission.

3.3.5 F/A-IS Software and 1553 Bus Architecture

The memory and timing utilization factors discussed in the foregoing paragraphs
exist within the computer and bus architecture shown in Figure 3-5. The various
OFP software modules residing in each mission computer are shown in the figure.
Note MC I has 12 different modules in addition to its database and MC 2 backup
module. MC 2 has six modules in addition to its database and MC I backup module.
The various avionic systems and the 1553 A bus interconnections are also . -

illustrated. Access to the Channel I and 2 1553 A buses is available to the
external environment through a connector located in the nose wheel housing area.
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Figure 3-5 F/A-IS Mission Computer Software Organization and Architecture
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OFP software is loaded into each mission computer through a separate serial data
port located on each computer by special ground support equipment. Access to

*i these ports is through hatches near the rear of the aircraft. It takes about five to
10 minutes to load the OFP software and another 10 to 20 minutes for the pilot to
verify proper operation (the ground support equipment also verifies as it loads). It
is also likely that OFP software can be loaded via the serial 1553 A bus so that
aircraft hatch opening can be avoided.

3.4 Summary of SAFES Feasibility

The investigation summarized in the previous paragraphs le3ds to the conclusion
that the F/A-IS will be an excellent candidate for introducing the SAFES concept
to Fleet personnel. It has been shown that the MC's can present SAFES training
.ifornritn to the MDI's including digital r3dar symbology and conposite video
skinulations of various kinds (FLIR, TV weapons, etc.). %ith the impending
,-itroduction of the Version 6 AYK-14 computer into Fleet F/A-S aircraft, the
probability of SAFES software successfully utilizing this resource in a meaningful
way is greatly enhanced. The p' "'s flight control commands can be sensed by
$%FES software via the informatioi. -laced on the 1553 -N 'AUX bus by the Flight
Corpi'ers. Other display and weapon selection inputs on the HOTAS can be
sampled in the same way. It is anticipated that F/A-18 systems not needed for
SAFES (e.g., radar, INS, etc.) can be powered down so they will not disturb SAFES
operation. Finally, it appears that the SAFES physical interfaces to the aircraft
are quite simple and would not interfere with returning the aircraft to operational
status in a short time. Likewise, SAFES software could be replaced with the OFP
software in a few minutes using 1553 A MUX bus loading. Thus no outstanding
problems with incorporation of a SAFES capability in the F/A-IS have been
identified.

Operationally, SAFES would be embedded in an aircraft located in a convenient
location seving both the F/A-IS tactical mission and training role. Such locations
include carriers, remote landbases, or bases needing inexpensive training to
augment existing facilities. SAFES simply requires an unused aircraft for a short
time (one or more hours). The SAFES aircraft could have just returned from a
mission, be awaiting repairs, storage, or even in the middle of certain phases of
mision preparation. SAFES external hardware is projected to be compact and
mobile, easily approaching the parked aircraft on the hanger or flight deck. The
aircraft must be connected to an external power source to power the electrical
systems required for SAFES operation. All mechanical, hydraulic, and nonelectrical
systems are rendered inoperative by the pilot or the maintenance crew by selective
circuit breaker deactivation to prevent accidental gear retraction, missile firing,
or radar activation. This also extends airframe and system lifetime during the
training operation. The SAFES pallet computer 1553 A MUX bus interface is
connected to the aircraft through the test connector in the nosewheel
compartment and the video lines connected to the weapons pod connectors. SAFES
software is loaded into the Mission Computers via the 1553 A MUX bus or the
AYK-14 maintenance port. After a brief test of the SAFES software and video
simulation system, training is initiated.

" The pilot will be able to interactively select prestored training scenarios, rerun
* previous situations, or create new situations to match his current interests and
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reqtirements. The pilot will then initiate SAFES operation and begin a training
session. After the training session is completed, the pilot will receive an
evaluation of his performance and can replay portions or all of the session as he
chooses. Returning the aircraft to flight status is simple and consists of powering
down the F/A-IS electrical and electronic systems needed for SAFES and
disconnecting the SAFES interfaces to the aircraft. The OFP software can then be .
reloaded into the aircraft core memory using standard maintenance procedures and
equipment.
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4.0 SAFES CANDIDATE CONCEPTS EVALUATION

This section presents five candidate SAFES configurations and describes each
configuration's advantages and disadvantages. These candidates are shown in Table
4-1.

Table 4-I Candidate SAFES Configurations

1. Onboard Stand-alone

2. Onboard With Pallet

3. Pallet System without Mission Computers

4. Pallet System with Mission Computers

5. Onboard Built-In Test

The section concludes with a description of the selected SAFES configuration that
will be used to determine which elements require proof of concept in the follow-on
to this study.

4.1 Onboard Stand-alone

The Onboard Stand-alone SAFES candidate consists of a new set of software for
the Mission Computers that would include condensed Operational Flight Program
(OFP) software as well as a minimum set of SAFES training software. The new
software would consist of modules allocated between the two Mission Computers to
minimize processing requirements, memory resources, and 1553 A bus traffic. The
primary advantage of this candidate is that it is completely self-contained and uses
tie same connection to load the SAFES software as is used to load OFP software
*:--ior to flight (i.e., the 1553 A MUX bus or serial data port). Bus traffic is also
reduced since those avionics devices being simulated by the training software will
pass their parameters internally and not on the 1553 A bus. This assumes, of
course, that avionic device simulation modules requiring bus parameters are located
in the same Mission computer. If this is not the case, the parameters can be sent
to the other Mission computer via the Inter Computer Communication (ICC) bus (a
third 1553 A bus linking the two Mission Computers together).

The major disadvantage of this approach is that the current Version 5 F/A-IS
Mission Computers are now operating at maximum capacity and there is no major
cycle time left for training processing as shown in Section 3.0. A further
disadvantage is that video images (vector and raster) would be extremely difficult
to produce without available onboard storage devices capable of holding a large
computer generated graphics data base. *'- *-

When Version 6 AYK-14 computers become available, it will be feasible to run
simulation software in the MC's. This capability would be further enhanced if two
SCP's are installed in each MC. In this instance, it might he possible to run a full
set of simulation software as well as the condensed OFP in the onboard MC's
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instead of the single candidate set necessary in the Version 5 AYK-14 computer.
Of course, the video image data base storage problem would still exist.

4.2 Onboard With Pallet

This candidate is similar to that just described except that an external pallet
mounted computer would be supplied to augment the capabilities of the Mission
Computers. The MC's would contain a mix of condensed OFP software and SAFES
training software. The pallet would also contain mass memory for storing training
scripts, system configuration and initialization data, composite video data bases,
and playback information. The external computer would communicate with the
Mission Computers via the 1553 A bus links found in the nose wheel compartment
of th- F/A-is. In this case, since the Mission Computers are the bus controllers,
the new mission computer software would permit modified bus traffic that allowed
communication to take place between the MC's and the external computer. In
addition, the pallet could contain video image generation hardware which would be
used to stimulate the cockpit displays via weapons pod or FUR composite video
interfaces (for air-to-ground radar, FLIR, and TV weapons). Because of the
existence of an external interface and pallet, an instructor station could also be
added. Optionally, if technology warrants, Computer Based Training could be
implemented in the pallet computer in lieu of an instructor station.

The feasibility of this approach can be illustrated by showing that a single Version
6 AYK-14 with one SCP would be capable of running the fairly complex F/A-IS
flight simulation program developed at the Naval Air Test Center (NATC). The
NATC simulation contains a representative air frame simulation model and models
of the onboard systems associated with weapons delivery. It is estimated that
SAFES software would require a similar sized software package. The NATC
simulation requires about 224 Kbytes of memory. This is slightly less than a
quarter of the 1024 Kbytes available in a single Version 6 AYK-14 computer.
According to NATC information, the major cycle time of the F/A-IS simulation on
a VAX 11/780 computer varies from 18.4 to 61.1 milliseconds with an average of
39.75 milliseconds. The difference is due to the number of targets introduced into
the simulation and the radar scan rate selected. Memory and frame time
characteristics of the NATC F/A-IS simulation are summarized in Table 4-2.

The ability of a single AYK-14 to host the NATC simulation is shown in Table 4-3
using the average simulation cycle time as a figure of merit in relation to the VAX
11/780 and AN/UYK-43 Naval Embedded Computer. The Version 5 AYK-14 is
clearly underpowered for the task. However, a Version 6 AYK-14 with a SCP is
nearly comparable to the VAX 11/780. The UYK-43 is superior to both the AYK-14
and VAX 11/780 computers. Based on this comparison, a single Version 6 AYK-14
would be capable of providing a fairly complex simulation of the F/A-18. This
leaves the second AYK-14 for the condensed OFP software. Assumming that the
pallet computer is another Version 6 AYK-14 (perhaps a spare MC to minimize
system costs), a significant amount of processing power is available for the
remaining SAFES software. Consequently, this approach appears to be quite
feasible and practical.
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Table 4-2 NATC F/A-IS Simulator Software Characteristics

Module Memory (Kbytes) Time (milliseconds)

Best Worst Avg

Air Data 22.5 2.1 4.8 3.45

Air Frame 41.0 10.3 13.4 11.85

INS 23.5 2.5 3.5 3.0

Radar (Digital) 64.5 2.6 18.5 10.6

SVS 52.0 ......

Target Simulator 20.5 0.9 20.9 10.9

Total 224.0 18.4 61.1 39.75

SMS data is called intermittantly and not part of a frame cycle.

5 O Table 4-3 Comparison of AYK-14, VAX 11/780, UYK-43 Computers

M4odule AYK-14 AYK-14 VAX11/780 UYK-43
Version 5 Version 6 . -.

With SCP

Air Data 20.7 3.79 3.45 1.72

Air Frame 71.1 13.03 11.85 5.92

INS 18 3.3 3 1.5

Radar 63.3 11.61 10.55 5.27

SMS-

Target Simulator 65.4 11.99 10.9 5.45

Total 238.5 43.72 39.75 19.88

4.3 Pallet System with Existing Mission Computer Software

This candidate is similar to the previously discussed approach except that the
existing Mission computer software is not modified. The external computer (a
1JYK-43 or comparable) would be connected to aircraft 1553 A buses as described
previously. The external computer would monitor bus messages and contain
simulation software for many of the onboard systems. The corresponding onboard
systems could then be powered down and not used during SAFES training. The
significant advantage to this approach is that a high fidelity flight simulation . "
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software module can be located in the external computer since it can be sized to
meet the demands of such a simulation. This approach also offers the advantage of
not requiring the OFP software to be reloaded after a training session. This
minimizes the impact of SAFES training on mission readiness which may be a
critical issue during deployment.

As in the previous case, with an external computer composite video sources (SMS,
FLIR, and radar) can be simulated. Also, the creation of an out-of-cockpit view
should prove feasible since the external computer could drive a helmet mounted
display. Since the helmet mounted display would only be used while the aircraft is
parked, there is likely to be no objection to its use by the Fleet. Additionally,
audio and physical cues (e.g., g-seat) could be provided (this would also be true for
the Onboard With Pallet candidate).

4.4 Pallet System With Mission Computers Disabled

In this candidate, the Mission Computers and the simulated avionics devices are
powered down. The external pallet mounted computer provides all 1553 A bus

control information and control. It incorporates all the desirable features of the
previously described candidate as well. In many respects, this candidate represents
the future of SAFES-like embedded training systems when vastly more powerful
avionics computers become available to aircraft designers, and all pallet
capabilities can be hosted in the Mission Computers.

4.5 Built-in Test SAFES Capability

This approach is the most futuristic of the SAFES candidates considered in this
study. It is based on the incorporation of training related functional modules
implemented in all avionics devices required for training. These modules could be
placed on VLSCI chips during their production. In a sense the aircraft avionics
systems become a powerful distributed processing system linked together for
SAFES training purposes. The clear disadvantage of this candidate, is that it does
not exist and will not exist until the value of using modern aircraft digital
cockpits for training has been demonstrated and has become relatively
commonplace.

4.6 Recommended SAFES Configuration

The SAFES concept described in Section 4.2 (Onboard with Pallet) with SAFFS
training software residing in both the MC's and an external pallet mounted
computer appears to be the most reasonable approach to pursue with today's
technology. The F/A-IS, Pallet, and Interface components are discussed in the next
three sections.

4.6.1 F/A-IS Subsystem and Configuration

A more detailed system block diagram for this concept is shown in Figure 4-1. The
le-ft side of the figure represents F/A-is subsystems involved with SAFES and the - -
software nodules residing in the two MC's. The F/A-IS flight computers (FCCA
and FCCB) are retained in order to have pilot HOTAS inputs placed on the 1553A
bus (stick and throttle position, rudder commands, etc.) for use by SAFES software.
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The two MDI's will send display information to the HUD display not shown on the
Figure. The communication system (CSC) functions such as TACAN may be
simulated. All other aircraft systems and avionics are not used and powered down.

The software modules shown in MC I represent a condensed version of the flight
software containing only those functions required to support the simulation
software. MC 2 will contain selected modules for flight simulation. These modules
can be loaded into the MC's via the 1553 A serial data bus. Based on previously
discussed cycle times, these modules will use virtually all of the processor cycles
available during a 50 millisecond simulation cycle in both MC's. The remainder of
the simulation software will run on the exernal Pallet Computer (PC) shown on
th- right of Figure 4-1.

The 1553 A bus traffic will be controlled by MC 1. Bus traffic will conform to the
existing set of messages defined for the F/A-18 when in a flight ready mode as
much as possible. Some modifications will be necessary to support modules
requiring an interface that are running is separate processors. To increase
available bus bandwidth, traffic for devices not needed for the training scenario
will be dropped from the simulation software.

The ICC 1553 A bus between the two Mission Computers will transmit information
needed by the software in MC I and generated in MC 2. Any bus traffic from the
two main 1553 A buses (Channel I and Channel 2) required by MC 2 will be taken
directly from these buses.

Composite video information will be supplied from the SAFES pallet via a weapon
pod connection ordinarily used for TV guided weapon input or a FLIR connection.
The weapon pod connection will supply video to the left MDI and the FLIR
connection will supply video to the right MDI. The video information will be stored
on a laser disc controlled by the pallet computer. In this way, a large number of
highly detailed scenes can be displayed to the pilot during a SAFES training
session representing air to grnund radar images, FLIR images, and TV weapon
scenes.

4.6.2 Pallet Subsystem Configuration

The SAFES pallet subsystem is shown on the right side of Figure 4-1. It is
composed of a Pallet Computer (PC), a system and playback disc, a laser disc for
composite video generation, a supervisor console, two composite video signal
conditioners, and a video switch.The PC is the central component of the SAFES
pa!let. The bulk of the training software resides in this computer. It interfaces
directly with the two main 1553 A buses, and supplies control data to the external
'inits and MC software.

The System Configuration module in the PC is responsible for transferring the MC
software from the systm disc to the two MC's via the 1553 A buses. The Scenario
module initializes the simulation software for a given training script, and allows
dynamic changes to be introduced into the simulation from the Supervisor Console.
The Playback module monitors bus traffic and stores any data required to generate
a playback of a given script with pilot responses included. In playback mode, the
playback software takes control of the 1553 A buses and generates whatever
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I
traffic is necessary to recreate the training scenario (it can also drive a playback
for the supervisor).

The External Environment module supplies control data 'o the laser disc, when
requested by the Radar, SMS, or FLIR simulation modules. The latter modules
provide the characteristics of the video data to be retrieved from the laser disc.

4.6.3 F/A-18 and Pallet Subsystem Interface

The interface between the F/A-18 and Pallet Subsystems is through the two main
1553 A buses via a wheelwell connector readily accessible to the outside world.
Composite video signals are transmitted from the Pallet to the F/A-IS through
video bus connectors existing in the weapons pod, for TV guided weapons, and the
FLIR.

Message traffic modifications to the 1553 A buses will mainly consist of supplying
radar air-to-air vector graphic data to the display module in MC I from the radar
module in MC 2 over the ICC. The remaining communication messages should be
identical to those existing in the flight software. It should be noted that the
S\FES software module allocation shown in Figure 4-1 may be modified during the
development phase to satisfy timing and sizing constraints unknown at this time.
Also, unused traffic messages on the 1553 A buses will be deleted when SAFES
so~f:vare is executed.
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5.0 SAFES TRMNING SCRIPTS

In many respects SAFES goes beyond what is regarded as conventional flight
simulation and crosses over into the relatively new field of Computer Based
Training Systems (CBTS), particularly if an instructor station is not included in the
baseline SAFES. In classic CBTS, the production of an interactive computer lesson
is guided by the learner's knowledge, skills, understanding, expectations, and
motivation. The learner's education needs, not the computer hardware or software,
determine the nature of the lesson. In SAFES, this distinction is not so clearly
defined since the training system is also composed of many of the system elements
to be learned. To maintain the proper perspective on the computer based SAFES, it
should be remembered that the computer is neither instruction nor a method of - -
instruction; it is merely a vehicle of instruction. Furthermore, the SAFES computer
will offer powerful features for facilitating learning such as instructor-like
interaction with the pilot. Therefore, the developement of SAFES training
scenarios should be much more than borrowing procedures from existing training
manuals or flight procedures. The conversion of these practices into effective
CBTS training will be a new skill developed by SAFES. However, in order to begin
this process, it will be necessary to examine conventional flight training
procedures and select several for SAFES. Two examples of scenarios that might be
considered for this task are discussed in the following paragraphs.

5.1 Air-to-Air Threat Avoidance

In Section 2, the Air-to-Air Threat Avoidance task was identified as one of the
most critical combat tasks suitable for computer image generation training since
most of the visual threat information is displayed symbolically on the aircraft
displays. The F/A-IS Simulator Briefing Guide (Ref. 10) describes several threat
avoidance training scenarios that depend on radar acquisition of the threat. Pilot
flight conduct is judged on (1) how well he carries out radar search and target
identification (2) geometry control during approach (3) proper communication
terminology (4) formation control (5) recognition of the target (6) offensive while
passing the target (7) shots during the pass, and (8) lookout doctrine.

This training task does not require video (raster) imagery on any of the cockpit
displays. Thus, it would will focus SAFES feasibility demonstration efforts on - ...
scenario preparation and software development. This scenario should probably be
simplified to exclude item 3 since no voice recognition capability is envisioned for
SAFES.

5.2 Aircraft Emergency Procedures Practice

The F/A-IS Simulator Briefing Guide provides a number of emergency training
scenarios for SAFES demonstration. The most suitable tasks for SAFES are
N\TOPS Checks. An example of such a task would be to have the aircraft takes
off and proceed under instrument flight rules to its destination. Emergencies that
can be selected by the simulator instructor (or randomly chosen by the software
executive) are shown in Table 5-1.
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Table 5-1 NATOPS Check ,ea.

Flight Regime Emergency Procedure Comments *
Takeoff Hot Start 1 5 seconds to respond

Fire on Start 15 seconds to respond

Low Oil Pressure on Start 15 seconds to respond

Takeoff Roll Loss of Thrust 15 seconds to respond 1

EGT High 15 seconds to respond
Blown Tire 15 seconds to respond

Enroute Segment Single Engine Flameout 15 seconds to respond
Generator Failure 15 seconds to respond
MC I or VIC 2 Failure 15 seconds to respond
INS Failure 15 seconds to respond
Tank Pressure Caution 15 seconds to respond

Flight Control System Comply with NATOPS
Failure

Landing Approach Anti-skid Caution 15 seconds to respond
Landing Gear Fails to 15 seconds to respond
Extend

Batt Switch Caution 15 seconds to respond
Hyd IA or liB Failure 15 seconds to resppnd
Flight Control System Comply with NATOPS

Failure
L or R AMAD Caution
L or R Oil Pressure Low "

Unsafe Gear Down
AV Air Hot Follow Procedures
Fixed Gains or Flap 15 Seconds to respond
Flaps Off Caution 15 Seconds to respond

Postlanding L or R AMAD Caution "

Fuel Hot Caution
Loss of NWS
Engine Fire Comply with NATOPS

5.3 SAFES Training Scenario Definition Approach

three part plan will be used to translate F/A-IS flight simulator tasks similar
to those just described into training scenarios suitable for SAFES implementation.
The first step consists of initial planning. That is, the target population is
characterized, overall goals are formulated, the overall task is analysed,
prerequisite skills are designated, and an initial set of evaluation measures to
assess pilot performance are generated.

After initial planning, each subtask can be designed one at a time. Pilot feedback

-• is needed during this phase since it is not clear how pilots will react to the

* subtasks. This will also increase the likelyhood of pilot acceptance in the final
.* product as well.
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Finally, the subtasks will be integrated into a central framework providing
initiation, freeze, and abort command inputs if necessary. These training "scripts"
will then be merged with the required flight simulation software to form the
SAFES package.
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6.0 Summary and Recommendations

The technical research conducted during this phase of the SAFES study has shown
that the F/A-IS Hornet is a suitable candidate for demonstration of a SAFES
capability and development of the necessary technology and training software. This
study has also shown that critical pilot skills ranging from air intercept to cockpit
switchology can be simulated in modern aircraft with computer driven
state-of-the-art displays. In particular, the F/A-IS avionic systems, computers, and
displays were examined in detail. The results of this examination revealed that the
F/A-IS architecture (pilot controls, weapon systems, flight computers, navigation
and weapons computers, all linked by serial digital busses) will support the SAFES
concept.

A SAFES configuration suitable for the F/A-IS was identified and consisted of a
mix of SAFES training software and Operational Flight (OFP) software residing in
both Mission Computers augmented by additional simulation software residing in an
external pallet mounted computer. The external computer would communicate with
the on board computers through a 1553 A MUX bus connector available in the nose
vheel compartment. The external computer would also control the injection of

composite video images into the aircraft displays via weapons pod connectors.

Based on the above findings, it is recommended that the next SAFLS project phase
address several key technical issues in detail. The first issue deals with identifying
OFP software modules and defining how they would interface with SAFES training
software. A second technical issue is the ability of the F/A-IS Mission Computers
to send graphic commands to the cockpit displays so that radar digital images can
be simulated by SAFES. A third issue is the injection of composite video images
into the cockpit displays from an external source.

Given that these three issues are successfully addressed, the next phase of SAFES -- -

should also include preparation of a simple SAFES training scenario for
denonstration purposes. Based on Fleet pilot and instructor response to this
demonstration, a decision to develop a more complete SAFES capability could be
made with confidence.
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APPENDIX 1
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APPENDIX A

F/A-18 DISPLAY CHARACTERS
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APPENDIX B

F/A-18 D[SPLAY INSTRUCTION OP CODES

octcal Octal
Code Character Code Character

000 space 030

001 A 031 T

002 3 032 Z

003 C 033

004 D 034

005 1 035

006 F 036 4
007 C037

010 040

Oil 041

012 j042

013 K 043 I

014 L 044

015 m 045

016 9 046 +

017 0 047

K020 p 050(

021 Q 051)

022 R 052

023 S 053 2

024 T 054

025 U 055

026 v 056

027 w 057
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APPENDIX B

F/A-IS DISPLAY INSTRUCTION OP CODES
octalOctal

Cod Character Code Character .-

060 0 110

061 111

062 2 1120

063 3 113 C

064 4 114

065 5 1150

066 6 116

067 7 117

070 8 120

071 9 121 I

072 -122 C
073 *123

074 + 124 ~~

075 125-6

076 126

077 A 127

100 >1309

101 131

102 v 132+

103 U1330

104 1414C

105 135

106 136

107 sm137
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APPENDIX B

F/A-18 DISLPLAY INSTRUCTION OP CODES

Octal Oct al
Cod Chrac~ter Code Character

142 172
! .IJ

143 - 173

144\. i 174

145 175

146 176 ___1__

417 6177 ______

150A

151

152 ox

153 .

154

155 C'
156

157

160 I
161 2'
162

163 3
164 q
165 6

166 7

167
47



NAVTRASYSCEN 84-C-0069

REFERENCES

I . Armand Chaput, History Benefits Next-Generation Fighter Design,
Aerospace America, May 1984, p.48.

2. Andrew C. Cruce, Simulation Applied to the Avonics System Testing In the
F/A-IS, AGARD Conference Proceedings No. 373 Flight Test Techniques,

7 Rue Ancelle 92200 Neuilly Sur Seine France.

3. D. B. Coblitz, Analysis of On-Board CIG Applications for Aircraft
Training, DCS Corporation, Alexandria, VA, Rpt. No. IH-353, April 1984.

4. Eugene C. Adam, F/A-18 Hornet Crew Station, Procedings of the IEEE
National Areospace and Electronics Conference NAECON, May 1980.

5. Andrew C. Cruce and Curtis A. Hamilton, Fooling the Computers, Wn osof
Gold, Winter 1983, P.52.

6. A Modular Generic Flight Test Support Facility, NATC internal
publication. -.-

7. Andrew C. Cruce, A Generic Approach to Simulation/Support Facility
Design, IEEE/AIAA 5th Digital Avionics Systems Conference, Oct-Nov.

1983.

8. ibid, Cruce

9. Procurement specification for Display Group, Multipurpose, McDonnell
Aircraft Co., Rev. B, Oct. 1977.

10. F/A-IS Flight Simulator Requirements Specification, Naval Training
Equipment Center.

48



NAVTRASYSCEN 84-C-
0 0 6 9

DISTRIBUTION LST:

COPIES

'laval Training Systems Center
Orlando, 7L 32813 75

Defense Technical Information Center
Cameron Station
Alexr.dria, VA 22314 12

Commanding Officer
laval Avionics Center
"'I. 'eorge Barnett, Director of Tnineering

600 Sast 21 st Street
:r.dianapolis, IN 46213

Commander

"'av-] Weaporns Center
AT:-4 Code 3152 (Jeff Grossman)
Chi.a Te, CA 93555

Comand er
',r _-'orce Wri,.ht Aeronautical Laboratories

A7:.;AL/NGOX'. A 71: LT 3ria Brady
,iright Patterson AB, OH 45433

Comqander
- r -or.e Wight Aeronautical Laboratories
JT7: 7R (J.ohn Reisirg)
Jrighrt Patterson A73, OH 45433

Cormander
Nav-al Air Development Center
.; .... Code 602B (3ill 1lulley)
Warminster, PA 18974 1

2 o-.:aazder -. -
US Army Aviation Center
A"'!: A",-TD- -S/S (Capt Poumade)
-.'3r- Rucker, AL 36362

Cormander, ASD/XRS

.U ,: teohen Walker
,;ri it PFaterson . H, C{ 45453

y=mander, x~/C
-\7Y;. £arl Aluisi, Chief Scientist
:rooks A?, 7K 79235

4,i -

* A P A ~-V •',



NAVTRASYSCEN 84-C- 0 0 6 9

DISTRIBUT2IJI LIST

Dr. Sue Bogrer
US Army Research Institute
5001 Eisenhower Avenue
Alexa.ndria, VA 22333

Dr. Dorothy Findlay
US Army Research Institute
5001 Eisenhower Avenue
Alexandria, VA 22333

Bob Wright
.ARi Field Unit
P.LIR-IR
Fort Rucker, AL 36362

P.A TRADE
":: LT (Carl Driskell)

Uaval Training Center
Orlando, FL 32813

lyI RADE
ArM: FI77 (Don Peckham)
Maval Training Center
Orlando, FL 32813

Commanuiig Officer, USA AVRADCO."
ATT: .S 210-4 (George Danek)
'TASA Ames Research Center
..Ioffett Field, CA 94035

Cormmanding Officer, ASD/YE
,V"'4: James Basinger
Wright Patterson A3, OH 45433

o.r nmandirng Officer, HQAFSC/STDA
'T;: .J ;:opala

Andrews AFB
Washington, DC 20360

Tomandirng Officer

Air Force Aerospace iledical Research Laboratory
A TT: AFATL/HET (Tam Furness)

,right Patterson A-1, CH 45433

50

-ism.. ..



NAVTRASYSCEN 84 -C- 0 0 6 9

DITRLSUTIE&i LLS7

C ommrarder
Pacific _iisile Pest Cernter
APP Herb 'rol3.man

Poit ~CA 9 0 42

Corma.dirZg Officer
'laval Strike Wrfare Center
iav-l Air Station

3Nalon, NV 89406

Com~inding Officer
avy ?er.3orrel Research and Development Center

-ar Diego, CA 92152

-ommvnder
'a!lAir Systemns Command

A-_71: Ailr 333~J (CDR :cm Jones)
Joiirgto.,DC 20361

CIE :TIar-v Wellik

avai ia-ison Officer
Wil~i-ans Aa'3, t'Z 85224

D)ff ice of 'Taval T~ehologr

Code 3722 'ta Collye-r)
-39D ::orth 3unc treet
Arlington, 1A 22217

Cornander ASD/ETMZP
A-A7 Richard :-eintzman

r right Patterson A.TB, CH 45433

iozander
* av;'_ r -,veorment Center
A T "'Code 6021 (Jim Brindle)
;Nrinster, PA 18974

51



L - NAVTRASYSCEN 34 -C O 6 9

r ~~CommanderDIIiIJ;37
iaval- Air :est Center

Ar:; ystems Tl.--ineerirng :est DirectDritze
Camuer 7;e-chnology 7irou-o (J. R. 3Srnulle.)

r. t 7'vr, :D20637

Comrarder, Air Force Wrighit Aerornautical Labor-atories
"':T I'D (Don Gum)

.rigi Patterson A73, OH 45455

Comm-ander
avai Air Development Center

A-'"",: Code 20P3 (John :-ey)
,a-nrster, PA 18974

Comminder
avsil ',eaz);r Certer

A. '7' Code 5107 (R. Hagman)
~ 7~ee, C93555

OL Co-n-.nder
,av A] A ir System-s Command

A-CC0 : Code .APC-205-ON (Hlooper)
.4a.7-ington, DC 23561

.7.-nder
r orce Humnan Resources Laboratory
A 1 J27R!/ A (Stephenson)

D-roks A3
L ntornio, 7X 78235-50

T,4t Atack Wirng, Pacific

C-R leorie Root
tv,, __ r 3aticon

~orCA 93246-0022

.aval 'raining Systems Center Liaison Office
Bl1dg 624, Roan 124

-1~a Air S:tation
:ertooa, L 52508

- -.... ... j~x 52 ~



FILMED

DTIC


